Peridinin is the main carotenoid in red tide, 2) and exhibits anti-tumor and anti-carcinogenic activities. 3, 4) This prompted us to search for anti-carcinogenic active compounds from microalgae, and to isolate and characterize carotenoids that possess anti-carcinogenic activities from the fresh water red tide, Peridinium bipes. In this paper, we describe the isolation and the characterization of the stereostructure of two epimeric carotenoids, named dinochromes A and B. We also demonstrate the inhibitory effect of these carotenoids on 12-Otetradecanoyl phorbol 13-acetate (TPA)-stimulated 32 P-incorporation into the phosholipids of HeLa cells; a mechanism that is used in the primary screening test for anti-carcinogenic compounds.
1
H-, 13 C-NMR data. The remaining one oxygen is ascribed to a furanoxide group by 13 C-NMR (d 86.8, 87.7) 7) and a characteristic EI-MS fragment ion of M-80. 8) The presence of an allenic group was revealed by the characteristic 13 C signal at d 204. 4 and the 1 H signal at d 6.05. 7) The 1 H-and 13 C-NMR data for 2, which were assigned by double quantum filtered correlation spectroscopy (DQF-COSY), nuclear Overhauser effect spectroscopy (NOESY), heteronuclear single quantum coherence (HSQC), and heteronuclear multiple bond connectivity (HMBC), are presented in Table 1 . These results revealed that the structure of 2 is 5Ј,8Ј-epoxy-6,7-didehydro-5,6,5Ј,8Ј-tetrahydro-b,b-carotene-3,5,3Ј-triol 3-O-acetate (dinochrome). The 5Ј,8Ј-trans configuration in the furan ring was determined by the coupling constant of J H-7Ј-H-8Ј ϭ0.7 Hz 7, [9] [10] [11] and the NOESY data. NOE between CH 3 -18Ј (d 1.62) and H-8Ј (d 5.17) indicates that CH 3 -18Ј and H-8Ј are located on the same side of the furan ring ( Fig. 1) . Compound 3 (dinochrome B) showed the same UV-vis and EI-MS as compound 2. Acetylation of 3 also produced a mono acetate. The 1 H-and 13 C-NMR data (Table 1) of 3 were consistent with the 8Ј-epimer structure of dinochrome A. 7, [9] [10] [11] The coupling constant of J H-7Ј-H-8Ј ϭ1.5 Hz indicated a 5Ј,8Ј-cis configuration in the furan ring. NOESY correlation between CH 3 -18Ј and H-8Ј was not observed in compound 3. The absolute configurations of compounds 2 (3S,5R,6R,3ЈS,5ЈR,8ЈR) and 3 (3S,5R,6R,3ЈS,5ЈR,8ЈS) were determined by comparing the circular dichroism (CD) spectral data of the compounds with those of the stereoisomers of the neochromes that were reported by Marki-Fischer et al.
11)
The CD spectra of 2 and 3 were mirror-images each other and reflected chirality at C-8Ј. 12) The planer structures of dinochrome was postulated by Johansen et al. 6) This is the first report on the characterization of the stereostructure of dinochromes by NMR and CD spectral data and we named dinochrome A for 2 and dinochrome B for 3, respectively. Dinochromes A and B were assumed to be acidic-catalyzed epoxy-furanoxide rearrangement products of dinoxanthin in P. bipes.
Anti-carcinogenic Activity of Carotenoids from P. bipes The in vitro anti-carcinogenic activity of dinochrome A (2), dinochrome B (3), peridinin (6) , and diatoxanthin (8) isolated from P. bipes was evaluated by assessing the inhibitory effect on TPA-stimulated 32 P-incorporation into the phosholipids of HeLa cells. 5) All of the carotenoids investigated inhibited this incorporation potently at a concentration of 25 mg/ml, as shown in Table 2 . Dinochrome A and dinochrome B were found to be more effective than peridinin that has been studied in cancer prevention experiments using animal models. 3, 4) Among the carotenoids examined, 13) dinochrome A showed the strongest inhibitory activity on TPA-stimulated 32 P-incorporation into the phosholipids of HeLa cells. Some carotenoids exhibit anti-carcinogenic and anti-tumor activities. 3, 4, 13, 14) Thus, the inhibitory effects of dinochrome A on the proliferation of human malignant cells such as GOTO (neuroblastoma), OST (osteosarcoma) and HeLa cells were evaluated. Dinochrome A inhibited the growth of GOTO, OST and HeLa cells at the concentration of 5 mg/ml, as shown in Table 3 . Therefore, dinochrome A exhibits a marked anti-carcinogenic activity and is an effective inhibitor of the proliferation of human malignant tumor cells in vitro. Some marine carotenoids, such as fucoxanthin, peridinin and halocynthiaxanthin, which possess an allenic or an acetylenic group, exhibit anti-carcinogenic activity. 3, 4) In this study, we found that dinochromes A and B, which possess an allenic group, also exhibit marked anti-carcinogenic activity. These allenic carotenoids may be valuable as an anti-tumor promoter and chemopreventive agents in chemical carcinogenesis.
Experimental
General Experimental Procedures The UV-vis and CD spectra were recorded in Et 2 O at room temperature with a Shimadzu UV-240 spectrophotometer and a JASCO J-500C spectropolarimeter, respectively. The EM-MS spectra were recorded using a JEOL JMS-SX 102A and a JEOL JMS-GCmate. The NMR spectra were measured with a Varian UNITY INOVA 500 ( 1 H: 500 MHz, 13 C: 125 MHz) instruments in CDCl 3 with tetramethylsilane (TMS) as internal standard. DQF-COSY, NOESY, HSQC, and HMBC were acquired using the standard Varian pulse programs. HPLC was performed on a Shimadzu LC-6AD instruments with a Shimadzu SPD-6AV spectrometer set at 450 nm. The column used was a Shim-pack Prep ODS with a mobile phase of CH 2 Cl 2 -CH 3 CN (2 : 8). Chemical derivatizations such as acetylation were according to our routine method. 15) Extraction and Isolation The red tide was collected by suction of surface water at Fuya dam in Nara Prefecture in August 1995. The red tide cells was harvested by centrifugation and dried over 40°C for 2 d. The dried red tide (500 g) was extracted with acetone-methanol (7 : 3). After evaporation of the solvent, the brown green residue was subjected to successively column chromatography on silica gel using an increasing percentage of ether in hexane. The fraction eluted with hexane-ether (2 : 8) from silica gel column chromatography was further purified by preparative HPLC on ODS with CH 2 Cl 2 -CH 3 CN (2 : 8) to yield dinochrome A (2) (71.5 mg) and dinochrome B (3) (13.5 mg). The following six carotenoids were isolated; b-carotene (1) (40.5 mg), diadinochrome A (4) (13.5 mg), diadinochrome B (5) (1 mg), peridinin (6) (132.5 mg), dinoxanthin (7) 2 . HeLa cells were incubated with the test samples (25 mg/ml) and after 1 h, 32 P (370 kBq per culture) was added, with or without TPA (50 nM). Following 4 h of incubation, the amount of radioactivity incorporated into the phospholipid fraction was measured.
5)
Assays of the Proliferation of Human Malignant Tumor Cells GOTO (neuroblastoma), OST (osteosarcoma) and HeLa cells were cultured in Dulbecco's modified Eagle's minimum essential medium, which was supplemented with 10% fetal bovine serum, in humidified air with 5% CO 2 at 37°C. The cells were subcultured at a density of 4ϫ10 4 cells, in 2 ml of medium, in 35 mm diameter Petri dishes. Dinochrome A was dissolved in dimethyl sulfoxide (5 mg/ml) and was added to the cultured medium. Following incubation for 3 d, the number of viable cells was calculated. The control culture was treated with the vehicle alone. 
